
I, Office I 



BEST 




INVESTOR IN PEOPLE 

The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NPIO 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or theu: equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




Signed 



Dated 8 October 2004 



An Executive Agency of tbe D^mtment of Trade and Ihdustiy 



10/13/2003 2:59m FRt^: 014B1 824422 Stanley St:anleys TO: 01633 814444 VASSz 002 OF 040 



Tztjsats Vosm 1/77 

Fatenfts Art 1977 
ab]]el6i) 



% Office I 



Request for grant of a patent 

■ ^tetbcsMutcfoathcBMckofAivSum, Ytm caa aba get 
an apbnmtoijrScaSptBmn &o Pktatt Office ta help yaa OUht 
ibis Smg^ 



9m 



ThePsiteatOeice 

Newport 

Soarh Wales 
NP10 8QQ 



1 » Yoisf tefetexicc 



^81 GB 



2. Patenc appUcatxon numbeir 
Cnw ^atmt CSflee tt>mfitt mtspart in} 



1 3 OCT nB 



0323942.3 



3. Full name, address and postcode of the or of 



' Fatcncs ADP mnnber Cffyim know 

If the applicant is a cofporarc body^, give the 
counby/scate of its incocpocadon 



PRINTABLE FIELD EMITTERS LIMITED 
Atlas Centre 

Rutherford Applston Laboratory 

Chilton. DIDCOT 
OXn OQX 
United Kingdom 



United Kingdotn 



-7 f^^Q^l 



4. Ude of the invention 



FIELD EMITTERS AND DEVICES 



5. Name of your agent a/^n have one) 

^'Address for service" in the United Ktnj^dom 
to which aE correspondeoce should be sent 
Ctndtiding IbBpasteodt^ 



Patents AOV jtmniber ^yw know itj 



STANLEYS 

Kings Court 
1 2 King Street 
LEEDS 
LSI 2HL 



07902190001 



/ 



/ 



Ptioriiy: Complete this section if you arc 
declaring ptioiity from one or more eadicr 
patent appHcaticms, filed in the last 12 months. 



Couatif 



CifytntJitnitwtO 



Date of filing 
O^vy/ month /year) 



Divisionals, etc: Comply this section only if 
this application is a divisional appHcatlon or 
cesixhed Jzom an entitlement dispute csee note 0 



Number of eazlicr XQC appHcatlOA Sate of filing 

(day / manOt /year} " 



Is a. Patents Form 7/T7 (Statcmcni of 
inventorship and of right to grant of a patent) 
required in support of this request? 

Answer "YIS I£ 

a> any ^ppUcancaamed inpaitSisnat an inveiixori xsc 
b> tbexieissniiiventfirtvlia isnacoaineclasan 

applicanCt or 
c> oixy named applicant Is a cofpocRie bocfy. 
Oltarwise answer NO CScc now d) 



YES 









teats FofiOL 1/77 






9/ Accompanying documents: A patent application 
muse include a dcscciptSon of the inycncion. 
Not counting duplicates, please entoc tiic number 
of pages of each item accompanying this Itorm: 






Continuation sheets of this form 






Description 


19 




Claimo; 


6 


y 


Abstract 


V 




Prawing^jc; 


10 




10. If you ace also filing any of the Ibllowing, 
state how many against each item. 






PriorLcy documents 






Translations of priority documents 






Statement of inventorship and right 
to grant of a patent CP»te3Us Fbrtn 7/77) 






Riccpsest for a preliminary cxaminatiDO 
and search OPaiencsi Fonzi 9/77> 






Request for a substandve-escamination 

iyatecaa Vorm ia/77> 






Any other documents (j^leasc ^ccifV> 






11/ I/We request the grant of a patent on the basis of this ^pUcati on. 
SignatureCs) 


- 13 October 2003 


12. Name, daytime telephone number and 
. e-mail address, if any, of petson to contact in 
. . the United Kingdom - h 


David Stanley 


01481 824411 



Wsnxing 

After an appHcatiim for a pascm has been filed, the Comptroller of the Patem OflScc will consider wliether publication or 
commuiilcatioii of the invention should be proliiWtcd or restricted under Section 22 of die Patents Act 1977. Vou -will be infonncd if it 
is necessary to prohlhij: or restrict yonr iovenfion in this way. Furthermore, If you Uvc in the United Kingdom, Section 23 of the Patents 

Act 1977 stops you from applying for a patent abroad ^(ddioutfsrst geaing written pcnnission from the Patent Office aiiless an 
appucarioxi has been filed at least 6 weeks beforehand In the United Kingdom fbr a patent for -die satne Inventioiiand either no dlrectioo 

pnshihitbig public^don Of communication bsu; been ' 

Notes 

a) If you need lielp to fill in this ibrm or you have any qpaestions, please contact the Patent QfBcc on 084?9 500505. 
b) TFriie your answers m capital lectecs using blalck Ink or you may type diem. 

cO tfthece is not enough space fci* all the relevant details on any part of this form, please continue >in a Bcpaxate ^ect of pdperand 
write "see continuation sheet" In the relevant partes). Any continuatloa sheet should be attached to '-^'^ Ibnn. 

cO ' If you hicvc aaswercd'SrES ill pare 8. a Patents Rsrra 7/77 wiU o^ 

e) Oiice you iiave filled in the fonn you must remember to sign and date it. 

O Part 7 should only be completed wJieu a dtvi^onal application is being made under section 15<4>, or when an application- is being 
made under section 8C3)» 12C^ or 37(0 followins an entitlement dispute. By completing part 7 you are requesting that this 
application cakes the same filing date as an eaiiier UK applicatian. If you want the new appficaoon to have the same priority daicCs) 
as the earlier UK applitsdon. you should also coanpleie part 6 with the pdorlty details. 



10/13/2003 2:59 PM TPJOPl: 01461 824 422 Stanloy Stanleys 70t 01633 8144 44 PAGE: 006 Off 040 



-1- 

FIEUD EMITTERS AND DEVICES 

This invention relates to field emission materials and devices^ and is 
concerned parttculady but not esclusively with, methods of manufactxiring 
addressable field electron emission cathode arrays. Preferred embodiments of the 
5 present invention aim to provide improved designs witii improved ijniformity 
and reliability. 

. It has become clear to diose skilled in the art liiat the key to practical 
field emission devices, particularly di^lsys, lies in arrangements that permit the 
control of the emitted current with low voltsges. Until recently, the ma^'ority of 
10 the art in this field related to t^-based emitt^ers that is, structures that utilise 
atomically sharp micro-tips as the field emitting source. 

There is considerable prior art relating to tip-based emitters. The main 
objective of workers in that art has been to place an electrode with an aperture 
(the gate) less than 1 micron away from each single emitting tip^ so that the 
. 15 required hig^ fields can by achieved using applied potentials of 100 V or less - 

these emitters are termed gated arrays. The first practical realisation of this was 
described by C A Spindt, working at Stanford Research Institute in California 
([.^/J^A;^.S9J,J^3S04'-3SOS,(r9(f8JJ. Spindtfs arrays used molybdenum 
emitting tips which were produced, using a self masking technique, by vacuum 
20 evaporation of metal into cylindrical depressions in a SiOz layer on a Si substrate. 
Many variants and improvements on the basic Spindt technology are described 
in the scientific and patent literature. 

In about 1985, it was discovered that thin films of diamond could be 
grown. on heated substrates from a hydrogen -methane atmosphere, to provide 
25 broad-area field emitbers. Much later (1995) Tuck, Taylor and Latham (GB - * 
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989) described an impro^d bcoad-area emitter. Work in this area, which 
includes carbon and other nanotube layers, is now very fashionable and there is. a 
building body of art in both the patent and scientific literature. 

The best examples of such broad-area emittjers can produce usable 
5 clcctdc currents at fields less than 10 V/micron. In the contest of this 
specification, a broad-area field emitter is any material including cai±>on and 
other nanotube layers that by virtue of its composition, micro-structure, work 
function or other property emits useable electronic currents at macroscopic 
electrical fields that might be reasonably generalasd at a planar or near-planar 
10 surface - that is, without the use of atomically shaip micro-tips as emitting sites. 

A problem with broad-area emitters is that the exact location of the 
emitter or emitters within the emitter cell formed by the aperture in the gate 
electrode, the gate insulating layer, the cathode tcack and the coating of emitter, 
is unpredictable. This in contrast tx> tip-based emitters, which will typically be 
15 close to the centce. The extraction field is highest near the perimeter of the cell 
and, as a result; the electrons rarely originate from the centre of the cell so that 
their kinetic energies have a large radial component It is rare for the combined 
effect of the modest number of sources fi^om the multiple cells in a pixel to be a 
symmetrical, which results in each pixel exciting a different shaped r^on on the 
20 phosphor coated anode. Even with the same current per pixel, the visual effect 
• of this is very visible fixed pattern noise. 

The hig^ ra di al conqponent of kinetic eneigy also reduces the 
effectiveness of conventional electron optical focusing schemes, which in turn 
limits pixel and sub-pixel si^s — the problem is particularly serioias with colour 
25 displays where electron cross-talk between sub-pixels affects colour purity. 
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Recentiy, Van der Vaart et al 03/041039 A2) described a field 
emission display which has a perforated insulating plate with an upper 
. conducting layer (the hop-electtode) set to a positive voltage placed bet^peen the 
cathode plane and the anode. Within this so-called Hop-Plate, secondary 
5 electron hopping transport is used bo homogenise the electrons and re-emit 
them as secondary electrons wth eneigies around 5 eV. The hop-plate is 
normally made of gl ass havii^ a coefficient of expansion matched to the rest of 
the display The channels aise usually formed by powder blasting. This electron 
hopping transport was first described by Van Godcom in US 5,270,61 1 together 
10 with devices using tiie technique. A displ^ based upon this principle caUed Zeus 
was well described in PU&ps Jmrnal cfResean^ VoJSQ, l^s. 3/4 (1996). 

Because the hopping is a chaotic process, there is no correlation 
between the location at which an electron leaves the pixel, the direction ittcavek 
within the channel and the position of re-emission of the low eneigy secondary 
15 electron. As a result, there are effectively as many emitting sites per pixel as there 
are electrons in the pulse, leading to excellent intra-pixel uniformity. Provided 
the correct voltage is applied to die hop-electiode, the channel has a 
transmission factor of unity - i.e. as many electrons leave the exit as arrive at the 
entrance. 

20 It is in this area of Hop-FED displays and other devices using the 

technology that preferred embodiments of die present invention make a 
contribution to the art 

According to one aspect of the present invention, there is provided a 
Hop-FED stru<±ure con^risingt 

25 a. a substxate; 
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b. emitter areas on said substcate; 

c. a hop-plate disposed over said substrate and emitter areas with a 
surface of the hop-plate opposing said substrate and emitter areas; 
and 

5 d. an electrically conductive layer formed on said surface of the hop- 

plate. 

Preferably, said surface is formed with projections that space the 
remainder of the hop^kte from said substrate and emitter areas. 

Preferably, said projections are formed as pillars or ribs. 

10 Said electrically conductive layer may be provided on said projections. 

Said electrically conductive layer may not be provided on said 
projections. 

Said electrically conductive layer may be of a material of hi^ electrical 
resistivity. 

15 Said material may have a surface resistivity in the range 10*^ to 10^^ ohms 

per square. 

Said material may have a surface resistivity in the range 10^ to 10^^ ohms 
per square. 

Said material may have a surface resistivity of substantially 10^ ohms per 

20 squaie. 
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Said material majr be selected fram the grotp comprising amorphous 
silicon and silver doped silica. 

Said electrically conductive layer-may extend partially within the channels 
of the hop-plate. 

5 ' Said electrically conductive layer may be connected to means for holding 

said layer at a predetemiined potential 

In another a^^ect, the invention provides aHop-FED structure 
comprising. 

a. a cadiode with emitter areas; / 

^' an anode arranged to receive electrons emitted from the cathode* 

c. a hop-plate disposed between the cathode and anode; 

d spacer means arranged to provide a space between said cathode 
and anode; and 

e. gettering material disposed in said space. 

15 Preferably, said ^acer means comprises projections provided on one or 

both faces of said hop-plate. 

Such a Hop-FED structure may further comprise a flue-plate between 
said hop -plate and anode. 

Said spacer means may comprise projections provided on one or both 
50 faces of said flue-plate. 
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Preferably, said ^acer means are formed as pillars oc ribs cwn said hop- 
plate and/or flue-plate. 

Preferably, said getbering material forms a dtstributed getten 

Said gettering material may comprise a non-evaporated getter. 

5 Said gettering material may comprise an alloy containing at least one 

Group IV metal- 
Preferably^ the structure is sealed by a ^ass-£rit seal that is spaced from 
said gettering material^ and the structure further comprises a conductive member 
that is compatible \wth said glass -frit and extends from outside the structure, 
10 through said glass-frit seal and to said gettering material, to which it is electrically 
connected. 

In another aspect, the invention pro-^des a method of manufacturing a 
hop-plate for a Hop-FED structure, the method comprising the steps of:' 

a. applying an electrically conductive layer to a surface of a main 
15 body; 

b. applying a sacrificial layer to said electrically conductive layer; 

c. applying a protective layer with apertures to said sacrificial layer; 

A eroding portions of said sacrificial layer, electrically conductive 
layer and main body through said apertures so as to form channels 
iO through said main body at the locations of said spertures, said protective 

layer otherwise protecting said sacrificial layer, electrically conductive layer 
and main body &om erosion; 
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e. applying a secondary emission layer to said sacrificial layer and 
main body, including said channels; and 

£ removing said sacd&cial layer with contig;uovis poctdons of said 
secondaiy emission layer to espose said electrically conductive layer and 
5 said channels coated with said secondary emission layer. 

Such a Hop-FED structure Preferably, in accordance with any of die 

preceding aspects of the invention- 
Said sacrificial layer may comprise vacuum-evaporated or sputter-coated 

aluminium. 

10 Said protective layer may comprise a photoresist material. 

Preferably, said erosion step is carried out by powder blasting. 

Said blasting may utilise alumina abrasive media. 

Said secondary emission layer may comprise alumina. 

A method as above may furdier comprise the step of applying a hop- 
15 electrode to said main body. 

In another a^>ect> the invention provides a method of manufacturing a 
Hop-FED structure with a guttering material as above, the method comprising 
the steps of: 

a. applying a protective layer with apertures to a surfece of a main 
20 body of a hop-plate or flue-plate; 

b. eroding portions of said main body through said apertures, said 
protective layer otherwise protecting said main body &om erosion; and 
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c. removing said pcotective layer to define at locations under said 
protective layer projections to serve as said spacer means. 

Preferably, said protective layer comprises a photoresist material. 

Preferably, said erosion step is carried out by powder blasting. 

5 Said blasting may utilise alumina abrasive media. 

Said erosion step may be carded out by etching. 

In anotlier aspect, the invention provides a method of manufacturing a 
Hop-FED structure with a getbering material as above, tlie method comprising 
tiie steps of applying a metal film in a pattern to a main body of a hop -plate or 
10 fliie-plate and electroplating said metal film to define pDDjections that serve as 
said ^acer means. 

Preferably, said metal film is applied by sputter coating. 

In another aspect, tiie invention provides a method of manxifacturing a 
Hop-FED structure with a getfcering material as above, the method comprising 
15 the stseps of applying multiple lackers of g^ass fiit to a main body of a hop-plate or 
flue-plate to define projections that serve as said ^acer means. 

Preferably, said layers of g^ass fiit are applied by a printing process. 

Preferably, said main body is of glass. 

For a better understanding of the invention, and to show how 
20 embodiments of the same may be carried into eflFect, reference will now be 
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made, by way of example, to the ajccompanying diagrammatic drawings, in 
which: 

Figuce 1 illustrates the basic concept of a Hop-FED; 

Figure 2a shows fuller details of a Hop-FED; 

5 Figure 2b shows a Monte Cado electron trajectory simulation of a Hop- 

FED; 

Figures 3a and 3b show a Hop-Fed with pillars or ribs, and charging 
problems that can occur; 

Figures 4a and 4b are views similar to Figures 3a and 3b, but showing 
10 llie use of cesistive layers to overcome chacging problem^ 

Figure 4c is a view similar to Figure 4a, but without ribs or pillars; 

Figures 5 a and Sb are graphs to demonstrate the eflfectiveness of the 
embodiments of Figure 4, as corr^iared to structures without the cesistive layers 
of F^jure 4; 

15 Figure 6 illustcatEs a final structure required for a siniple spaced hop- 

plate pillars omitted for sin^licity); 

Figures 7a to 7e show an esemplary process flow to create the structure 
of F^ure 6; 

Figure 8 illustrates a Hop-E^ED with additional spacer pillars or ribs to 
20 provide surfece areas for distributing a getter film; 
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Figuie 9 sKows one example of a method of &bnca1ing pillars oc tibs; 

Figure 10 shows an alternative method of creating pillars or ribs; 

Figure 11 shows another method of creating pillars or ribs; 

Figure 12 shows an arrangement where a hop-plate 1200 has a frit seal 
5 ring impinging upon it, gettering material formed so as to avoid the frit seal, and 
a frit-compatible leadthrough. 

In the figures, like reference numerals denote like or corresponding 

parts. 

In the context of this specification, a "Hop-FED structure^' comprises 
10 an insulating plate (the hop -plate) that is perforated to define channels thtou^ 
which electrons pass, is placed between cathode and anode, and has a 
conducting layer (tfie hop-electrode) on the anode side. 

Figure 1 illustrates the basic concept of a Hop-FEE>- FED cathode 
plane 100 has an array of emitter cells 101 per pixel set within the entrance 
15 diameter of a hop-channel 103 formed in a hop-plate 102. Electrons 105 strike 
the channel walls and hop towards a hop-electrode 104 at a positive potential. 
The majority of the secondary electrons 106 are re-emitted from the channel wall 
near the top, forming a ring-shaped emitting area 107. 

Figure 2 shows the full Hop-FED concept as described by Van der 
20 Vaact et al which uses a second, so-called flue-plate 209, where electrons are 

accelerated towards the anode. Together the hop-plate 205 and the flue-plate 209 
form a spacer system to support the cathode and anode against atmospheric 
pressure. In more detail, the basic Hop-FED structure is as follows. On 
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substsatE 200 thece is a ccsnventional broad-acea FED stcuctuce (see foe example 
the ^pKcants patent GB 2 330 687) with gate electrodes 203 and with emitter 
layer on a conducting track 201 exposed through emitter cells 204. The gate and 
emitter tcack ace instJated fkom each other by dielectric layer 202. 

5 In this embodiment, a hop-plate 205 sits dicect3y upon the FED cathode 

plane with hop-electiode 207. The flue-plate 209 sits ^q)on the hop-plate 205 
and anode plate 210 con^letES the sandwich structure. The electrons are now 
confined bo channel 206 where, in the hop-plate portion, they undergo 
homogenisation by hopping 208 and in the flue-plats channel they are 
10 accelerated to high voltage. Both the hop -plate and the flue-plate have various 
functional coatings applied to them. 

Whilst the concept of the Hop-FED is attractive, some very real 
problems appear when one tries to build and operate one. The first of these ace 
illustrated in Figure 2b, which is a Monte Carlo electron tr^ectory simulation of 
15 such a device taken fa>m Visser ti atSoaefffm- Informa&M Di^ifof SID V3 Digpst 
Pc^ 18.4. The model shows a hop-plate flue-plate combination with electron 
trajectories 221 and equipotentials 220. A stated advantage of this design is to 
reduce the electric field at the surface of the FED and so reduce the chance of 
arc damage. However, if one looks at the simulation, the equipotentials 
20 crowdmg together in the region 222 closest to the cathode surface show tiiat^ in 
fact, a hi^ field easts near the cathode surfece. 

One potential solution to this problem is illustrated in Figure 3a, which . 
shows a substiate 300 witii field emitting structures in tracks 301 and 302, a hop- 
plate 303, flue-plate 310, phosphor layer 305 and anode glass 304. The hop- 
25 plate is spaced off of the cathode by pillars or ribs 307 which both reduce the 
field at the cathode surface and also allow outgassing products 309 to be 

tO082£38:7»5SOfc^--^O3yOg:^1^ 
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pumped away thro\agh 308. Metliods of forming such pillars or ribs axe 
described below with reference to Figure 9. However, although this reduces the 
exposure of the cathode to the high Seld at the neck of the hop-channel, it 
presents another problem in that, because of the high radial energy of electrons • 
5 in FEDs (jparticxilady those with broad-area emitters), emitted electrons 306 

from the margins of the emittser cell groups can strike die* underside of the hop- 
plate, causing it to chaige 311.- Chaiging occurs during the period gate 302 is 
positive with respect to both the emitter and the gates on either side 301. As the 

next gate is addressed (Figure 3b) the gate beneath the charged re^on drops in 
10 potential and an increased field appears between the chained region and the gate 

and a discharge 312 may occur leading to unstable operation and damage to the 

FED cathode plane. 

Figure 4a (\rfaerein like elements are numbered as in previous figures) 
shows a solution to this problem. A conducting layer 401 is applied to the 

15 underside of the hop -plate 303 and pillars 307. To prevent the conducting layer 
short-circuiting all gate tracks 1r>gelher, a highly resistive layer is used This is 
sufficiently conductive to dissipate any charge build-up but sufficiently resistive 
that it does not draw excessive current from the gats driver electronics. A 
surface resistivity of 10^ ohms per square may be suitable. Suitable films are 

20 sputtered amorphous silicon and a printed silver doped silica layer as described 
in our co-pending application GB 03 22360.9. 

Figure 4b (wherein like elements are numbered as in previous figures) 
shows an alternative approach where the pillars 307 are left uncoated, and hence 
are insxalating, and a conductive film 402 is spplied to the underside of the hop- 
25 plate 303 only. It is now less irrport that the film be resistive and its potential 
may be set by connection to an external power supply 403. 
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Figure 4c shows yet another approach where the hop-plate 303 does not 
have insulating pillars but sits dicectiy on the surface of the gates. In this case, 
film 410 has a hi^ surface resistivity of ---lO^ ohms per square but the high field 
region, which would be at the entrance to the hop -channel, is moved away from 
5 the gate surface by allowing film 410 to enter the channel by typically 

100 microns 411. Suitable films are sputtered amojphous silicon where the 
penetration is controlled by choice of sputtering pressure or printed silver doped 
silica layer that has been allowed to flow into the channel by controlling printing 
conditions. 

10 Although two examples of resistive fflms have been pven, others may 

be substituted by those skilled in the act 

Figures 5a and 5b demonstrate the effectiveness of the embodiments of 
Figure 4. In this case, the esperimental data, compares the performance of a 
hop-plate with no resistive layer (Figure Sa) with one having a silver doped silica 
15 layer that has been allowed to penetrate the hop-channels (Figure Sb). The data, 
which shows total anode current against hop-electrode voltage, is for a 5.7 inch 
diagonal quarter VGA Hop-FEX). Observation of the performance of the 
device, when driven to peak white, shows a niraber of r^ons. 



Region 


Observatton 


A 


No arcing 


B 


A few arcs diminishing with time 


C 


Continuous light arcing 


D 


Continuous heavy arcing 


E 


Not explored 



P68iCB - SpeafiM&mt 'asfdtd- 13 Oetoher200J ^ - . Stanleys 



10/13/2003 2:59 FM BTIOM: 01461 824422 St&nloy Stanleys lOt 01633 814444 PAG5: 019 OF 040 



-14- 

It can be seen clearly in Figure 5a that the hop-plate with no resistive 
layer does not operate stably ^whereas the one wit±i the resistive layer in Figure 5b 
has a laige r^on ^'A^' where stable operation occurs. 

In order to achieve long-teem operation, it is normal to coat the inner 
5 region of the hop-channel with a material that has both a hi^ secondary 

emission yield and is stable xandec electron bombardment Suitable materials are 
MgO or Al203but others may be used. These layers are typically sputtered or 
electcon beam evaporated- For a simple spaced hop-plate, the final stcuctute 
required is that in Figure 6 (pillars omitted for simplicity). Because of the funnel 

10 shaped nature of the hop-channel 103, the key problem is how to get the 

resistive or conducting layer 604 onto the under surface of the hop-plate 600 
without contaminating die secondary emission coating 603. Because of die 
more favourable geometry of the tspered channel Ecom above^ the conducting 
hop-electrode 601 can usually be applied later by some line-of-sig^t process, 

15 such as vacuum evaporation, witiiout contaminating the secondary emitting ■ 
layer. 

Figuijes 7a to 7e show an exemplary process flow to create a desiced 
structure; those skilled in the art may create others without departing from the 
teachings of this document Note that, whilst in die case illustrated^ the hop- 
20 electrode layer 601 is spplied later, it could equally be applied before powder 
blasting is commenced and protected either by ji^ng or a resist layer. 

Figure 7a shox^rs a preliminary stage in which we have gjass 600, resistive 
layer 604 deposited as previously described and a sacrificial layer 605, such as 
vacuum-evaporated or sputter-coated aluminium. A photoresist layer 606 has 
25 been applied, exposed and patterned to define the entrance apertures of the hop- 
channels. 
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Moving now to Figure 7b, pcwdet blasting with, e.g. alumina abcasive 
media 607, is used to lemove material to form the conical spettuces. 

Figuie 7c shows the completEd structure widi resist stripped off and the 
secondary emission layer 603 — say alumina — coated inside the hop-channels and 
5 ' unavoidably over the whole lower side of the plate. 

Moving now to Figuce 7d the sacrificial layer 60S is removed with say 
hydrochloric acid and, in the process, the unwanted portions of the secondary 
emission layer 608 are removed by a lift-ofF process. 

In Figure 7e the hop-electrode 601 has now been added to complete the 

10 process. 

We now move to another improvement to the Hop-E^ED art - this 
concerns vacuum design. Returning to Figure 2 we see that, although the 
electrons within each pisel or sub-pixel are totally confined, avoiding any inter- 
pixel cross-talk, ihsj are, for all practical purposes, cut off from each other and 
15 the pump tube used to evacuate the device. Van der Vaart et al (WO 03/041039 
A2) partially addresses this problem and describes piamping channel systems to 
connect the hop-channels. However, they do not address getterin^ which is the 
odier key aspect of obtaining and maintaining a good vacuum in sealed-ofF 
devices. By a getter we mean a chemically reactive material enclosed within a 

20 vacuum device to adsorb species out-gassed from the surfaces of the device 
throughout its life. These materials are divided into two broad classes: 
evaporated getter films, typically barium, and non-evq>orated gutters (tvlEGs), 
often based upon metals or alloys from Group IV of the periodic table. Whilst 
evaporated getters produce a one-time active surface, NEGs produce an active 

25 surface by sorbir^ gasses into their bulk to leave a new clean and reactive 
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surface. The best materials activate at teirq>eratuces compatible with ihe bakeout 
used during electcon tube processing, so no additional heating is required. 

NEGs are typically introduced into vacuum devices in the form of 
pellets or metal tape with the powdered ^ttering material swaged into the 
5 surface. However, recentiy work has been repotted on direcdy applying these 
materials ontD device surfaces by, for esample, sputter coating - e.g. 
Prodromides describes a sputtered Ti:Zr:V temacy alloy (These No. 2652, 2002, 
Ecole Polytechnique Federate de Lausanne) This document can be conveniently 
be downloaded from the CERN Document Server at 

c 

10 hrmV/rHwrh rrm rh ArATT-h py?j;>=:Ti7>V-l-riori-^qpr.t^Kt.-4> ^ H^t-^Lfea.^= 

where a number of other documents on the topic also reside. Kim, Y.C. et al 
describe a guttered Ti:ZcCr temaay alloy (TVMC 2002 Dig^t Paper 

In the context of this specification, a "distributed*' getter is a getter that 
is distributed over a predetermined region, in contrast to a getter that is applied 
15 indiscriminately over an available area. 

Whilst tiie simple conceptual Hop -FED of Figure 2 is not ideal from a 
gettering perspective, the Hop-FED is in fact more suited to distributed 
gettering than a standard FED. It can be seen in Figure 8 diat by addit^ spacer 
pillars or ribs at one or more of the locations 307, 810 and 811, lajge areas of 
20 surface suitable for distributing a NEG film are made available. The pillars or 
ribs are typically 100 microns ki height Perhsps the most simple of these 
options is formirg the hop-electrode out of a conducting MEG layer. 

The fabrication of the ribs can be by a variety of methods. Figure 9 
shows one example, following the powder blasting of hop-channels 901 in gjlass 
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sheet 900 as previously described One or more new layers of photoresist can be 
applied and patterned 902 and a second/third blasting operation 904 undertaken 
to remove material 903- to leave pillars or ribs 905 or 906. In some cases durino- 
these subsequent operations, the surface micro-cracking associated with powder 
5 blasting becomes an issue, and in that case wet etching in hydrofluoric acid or 
reactive ion etch are also options - see for example Steingoetfcer et al (2003) 
(Prop. afSPm Vol4984p 235y In any of these cases, during the .pillar or rib 
formation, there will be some enlargement of the diameter of hop-channel. In 
order to compensate for diis, the initial blasting is adjusted to produce undersizie 
10 channels that will later be enlaiged by erosion from the pillar or rib formation 
process. 

Figure 10 shows an alternative method of creating pillars or ribs in 
which a metal film e.g sputter-coated is patterned 1001 on the hop-plate 1000 
and then electroplated up the required hd^t 1002. 

15 Figure 11 shows another method where the hop-plate 1100 has pillars 

or ribs built from multiple layers of screen-printed glass frit, such techniques 
being common in plasma display fabrication. The layers are dried and fired 
between applications. 



Returning now to Figure 8 it can be seen that, depending on the 
20 arrangement of spacer pillars or ribs there are four potential locations for 

distributed NEG layers in a Hop-FED, namely surfaces. 820, 821, 822 and 823. 
Not all of these need be used - in fact, substituting a NEG material for the hop- 
electrode may be all that is required. 

However, no known NEG materials are compatible with frit seals, so a 
25 separate lead-out material is likely to be required. Figure 12.shows such an 
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arcangemeat whece, foe example, a hop-plate 1200 has a fiit seal ring 1201 
impif^ng upon it, NEG material 1202 formed so as to avoid the frit seal and 
frit compatible leadthcou^ (e.g chtx>mium) 1203, Similar considerations may 
apply to other locations if external driven voltages need to be applied. 

5 In this specification, the verb "comprise" has its normal dictionary 

meaning, to denote non-exclusive inclusion. That is, use of the word "comprise" 
(or any of its derivatives) to include one feature or more, does not exclude the 
possibility of also including further features- 
All of the features disclosed in this specification ^eluding any 
10 accompanying claims, abstract and drawings), and/or all of the steps of any 
method or process so disclosed, may be combined in any combination, except 
combinations where at least some of such features and/or steps are mutually 
exclusive. 

!Bach feature disclosed in tJiis specification (Including any accompanying 
15 claims, abstract and drawings), msy be replaced by alternative features serving 
the same, equivalent or similar puipose, unless espressly stated otherwise. Thus, 
unless e:q>ressly stated otherwise, each feature disclosed is one example only of a 
generic series of equivalent or similar features. 

The invention is not restricted to the details of the foregoing 
20 embodiment(s). The invention extends to any novel one, or any novel 
combination, of the features disclosed in this specification ^eluding any 
accompanying claims, abstract and drawings), or to any novel one, or any novel 
combination, of the steps of any method or process so disclosed. 
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The teadec's attention is directjed to all and any priority docunients 
identified in connectioa with this appUcation and txs all and any papers and 
documents that ate filed concurrently with or previous 1x> this specification in 
connection with this application and which ace open to public inspection widi 
5 this specification, and the contents of all such papers and documents are 
incorporated herein by reference. 
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CLAIMS 

1. A Hop-FED stcuctxice corr^rising: 

a, a substrate; 

b. emitter ateas on said substcatei 

5 • c. a hop-plate disposed over said substrate and emittjer aceas with a 

surface of Ae hop-plate opposing said substrate and emitter areas; 
and 

d. an electrically conductive layer formed on said surface of the hop- 
plate. 

10 2. A Hop-FED structure according to claim 1, wherein said surface is 

formed with projections that space the remainder of the hop-plate from said 
substrate and emitter areas. 

3. A Hop-FED structure according to claim 2, wherein said projections are 

formed as pillars or dbs. 

15 4. A PIop-FED structure according to claim 2 or 3, wherein said electdcally 

conductive layer is provided on said projections. 

S. A Hop-FED structure according to claim 2 or 3, wherein said electrically 

conductive layer is not provided on said projections. 

6- A Hop-FED structure according to any of the preceding claims, wherein 

20 said electrically conductive layer is of a material of high electrical resistivity. 

7. A Hop-FED structure according to claim 6, wherein said material has a 

surface resistivity in the range 10^ to 10^^ ohms per square, 
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8- A Hop-FED stnactuce according to claim 7, whecein said mataerial has a 
surface resistivity in the range 10^ to 10^*^ ohms per square. 

9. A Hop-FED structure according to claim 8^ wherein said material has a 
surface resistivity of substantially 10^ ohms per squate. 

5 10. A Hop-FED structure according to claim 6, 7, 8 or 9, wherein said 
material is selected from the gcoup comprising amorphous silicon and silver 
doped silica. 

11. A Hop-FED structure according to any of the preceding claims^ wherein 
said electdcally conductive layer extends partially within the channels of the hop- 

10 plate. 

12. A Hop-FED structure according to any of the preceding claims, wherein 
said electdcally conductive layer is connected to means for holding said layer at a 
predetermined potential. 

13. A Hop-FED structure according to claim 1 and substantially as 
15 hereinbefore described with reference to the accompanying drawings- 

14. A Hop-FED structure comprising: 

a. a cathode witii emitter areas; 

b. an anode arranged to receive electrons emitted from the cathode; 

c. a hop-plate disposed between the cathode and anode; 

20 d. spacer means arranged to provide a space between said cathode 

and anode; and 

e. gettering material disposed in said ^ace. 
P681<^-^Sfe^sixUim'asfskd''1'3Oacher2003 Stanleys 
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15. A Hop-FED structuEe according to claim 14, whecdn said spacer means 
comprises pcojections peopled on one oc botii faces of said hop-platE. 

16. A Hop-FED structure according to claim 14 or 15, fortiier comprising a 
flue-plate between said hop-plate and anode. 

5 17. A Hop-FED structure according to claim 16, wherein said spacer means 
comprises projections provided on one or both faces of said flue-plate. 

18. A Hop-FED structure according to claim 15 or 17, wherein said ^acer 
means are fomied as pillars or ribs on said hop -plate and/ or flue-plate. 

19. A Hop-FED structure according to any of claims 14 to 18, wherein said 
10 gettering material forms a distributed getter. 

20. A Hop-FED structure according to any of claims 14 to 19, wherein said 
gettering material comprises a non -evaporated getter: 

21. A Hop-FED structure according to claim 20, wherein said gettering 
material comprises an alloy containing at least one Group IV metal 

15 22. A Hop-FED structure according to any of claims 14 to 21 and also 
according to any of claims 1 to 13. 

23. A Hop-FED structure according to any of claims 14 to 22, wherein the 
structure is sealed by a ^ass-frit seal Ifhat is spaced from said gettering material, 
and the structure fiirther comprises a conductive member that is compatible with 
20 said ^ass-frit and extends from outside the structure, thcough said g^ass-frit seal 
and to said gettering material, to which it is electrically connected. 

tOQ82638 15'.OC:tT03 103:^:^5] 
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24. A Hop-FED stcuctiice according to claim 14 and substantially as 
hereinbefore described with reference to the accompanying drawings. 

25. A method of manufacturing a hop-plate for a Hop-FED structure, the 
method comprising the steps of: 

5 a. applyif^ an electrically conductive layer to a surface of a main 

body; 

b. applying a sacrificial layer to said electrically conductive layer, 

c. applyif^ a protective layer -with apertures In said sacrificial layer, 

d. eroding portions of said sacrificial layer, electrically conductive 

10 layer and main body throu^ said apertures so as to form channels 

through said main body at die locations of said apertures, said 
protective layer otherwise protecting said sacrificial layer, 
electrically conductive layer and main body from erosion; 

e. applying a secondary emission layer to said sacrificial layer and 
15 main body, including said channels; and 

£ removing said sacrificial layer with contiguous portions of said 
secondary emission layer tx> espose said electrically conductive 
layer and said channels coatasd with said secondary emission layer. 

26. A method according to claim 25, wherein said Hop-FED structure is in 
20 accordance with any of claims 1 to 24. 

27. A method according to claim 25 or 26, wherein said sacrificial layer 
comprises vacuum-evaporated or sputber-coated aluminium. 

28. A method accocdir^ to daim 25, 26 or 27, wherein said protective layer 
con]prises a photoresist material. 

10082638:- :13rOct -03 .03: T A- 
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29. A method according to any of claims 25 to 28, wherein said erosion step 
is carried out by powder blasting. 

30. A method according to claim 29, wherein said blasting utilises alumina 
abrasive media. 

5 3L A method according to any of claims 25 to 30, wherein secondary 
emission layer comprises alximina. 

32 A method according to any of claims 25 to 31, further comprising title 
step of applying a hop-electrode to said main body. 

33. A method of manufacturing a Hop -FED structure according to any of 
10 claims 14 to 24, tiie method cony rising the steps o£ 

a. applyif^ a protective layer with apertures to a surface of a main 
body of a hop-plate or flue-plabe; 

b. eroding portions of said main body throu^ said apertures, said 
protective layer otherwise protecting said main body from erosion; 

15 and 

c. removing said protective layer to define at locations under said 
protective layer projections to serve as said spacer means. 

34. A method accordir^ to claim 33, wherein said pcDtective layer comprises 
a photoresist material. 

20 35. A method according to claim 33 or 34, wherein said erosion step is 
carried out by powder blasting. 
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36. A melliod according to claim 35, v;heam said blasting utilises alumina 

abrasive media. 

37. A method according to claim 33 oc 34, T^heiein said erosion step is 
cacned out by etchir^. 

5 38. A method of manufacturing a Hop-FEDstoctuce according to any of 
claims U to 24. the melhod comprising the steps of applying a metal film in a 
pattern to a main body of a hop-plate or Bue-plate and eiectcoplatlng said metal 
film to define projections that serve as said spacer means. 

39. A method according to claim 38, therein said metal film is appUed by 
10 sputter coating. 

40. A fnefhod of manufacturing a Hop-FED structure according to any of 
claims 14 to 24. the method comprising Ae steps of applying multiple layers of 
^ass frit to amain body of a hop-plate oc flue-plate to define projections that 
secve as said spacer means. 

15 41. A method according to claim 40, wherein said layers of g?ass frit a« 
^plied by a printing process. 

4Z A method according to any of claims 25 to 41. wherein said main body 
.is of ^ass. 

43. A meriiod of manufacturing a hop -plate for aHop-FEE) structace, the 
20 method being substantially as hereinbefore described with reference to tiie 
accompanying drawings. 
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Figurel 
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Figure2a 
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